Electronic energies (ΔE and Δ(E + ZPE)), enthalpies [(ΔH(298 K)] , and Gibbs free energies [ΔG(298 K) ] for the reaction with water monomer occurring through IM3 + H2O. All energies are calculated relative to the energy of CH2O + ClO + H2O, in units of kcal mol -1 . Table S2 The equilibrium constants (in cm 3 molecule -1 ) for the formation of CH2O···H2O, ClO···H2O, H2O···ClO, CH2O···(H2O)2 and ClO···(H2O)2 complexes at different altitudes. k1 is the rate constant of Path 1, k′RW1, k′RW2, k′RW3 and k′IM1-W1, k′IM2-W1 are the effective rate constants of Paths RW1, RW2, RW3, RW4, IM1-W1 and IM2-W1, respectively.
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Table S5
Ratios of effective rate constants to corresponding rate constants for the CH2O + ClO reaction with and without water at different heights in the earth atmosphere. kRWW1, kRWW2 are the rate constants of Path RWW1 and Path RWW2, respectively. k'RWW1, k'RWW2 are the effective rate constants of Path RWW1 and Path RWW2, respectively. Figure S1
Optimized geometries for the hydrogen-bonded CH2O···H2O, ClO···H2O, H2O···ClO, CH2O···(H2O)2 and ClO···(H2O)2 complexes calculated at the B3LYP-D3/aug-cc-pVTZ level of theory. The atoms in green, white and red color denote Cl atom, H atom and O atom, respectively.
Figure S2
Optimized geometries for the CH2O + ClO reaction without water calculated at the B3LYP-D3/aug-cc-pVTZ level of theory. The atoms in green, white and red color denote Cl atom, H atom and O atom, respectively.
Figure S3
The energy profile of the CH2O + ClO reaction in the presence of water vapor occurring through IM3 + H2O pathway. Energies (in kcal mol -1 ) are calculated at the CCSD(T)/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ level.
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Figure S4 Optimized geometries of the double hydrogen transfer path starting from ClO···H2O + CH2O pathway. The atoms in green, white and red color denote Cl atom, H atom and O atom, respectively.
Figure S5
The energy profile of the double hydrogen transfer path starting from ClO···H2O + CH2O pathway. Energies (in kcal mol -1 ) are calculated at the CCSD(T)/aug-ccpVTZ//B3LYP/aug-cc-pVTZ level.
